Single-crystal X-ray study T = 293 K Mean '(C±C) = 0.007 A Ê H-atom completeness 76% Disorder in solvent or counterion R factor = 0.047 wR factor = 0.177 Data-to-parameter ratio = 13.5
The title compound, [Zn(C 12 H 8 N 2 ) 3 ][Cr 2 O 7 ]Á4H 2 O, was obtained by mixing 1,10-phenanthroline (phen), potassium chromate and zinc sulfate solutions. The asymmetric unit is composed of a [Zn(phen) 3 ] 2+ cation, a Cr 2 O 7 2À anion and four water molecules. The Zn II ion is in a distorted octahedral environment, coordinated by six N atoms from three phen molecules. The cations are connected to anions by weak CÐ HÁ Á ÁO hydrogen bonds, with shortest HÁ Á ÁO distances of ca 2.27±2.33 A Ê . The Cr 2 O 7 2À anion is in a staggered conformation. Two of the four crystallographically independent water molecules are ordered, and two others are disordered, each over two sites.
Comment
Metal complexes containing the chromate(VI) or dichromate(VI) anion, CrO 4 2À or Cr 2 O 7 2À , as a ligand are attracting current attention owing to their spectroscopic (Cies Âlak-Golonka et al., 1988 Âlak-Golonka et al., , 1991 , structural (Dave & Czernuszewicz, 1994) , magnetic (Gili & Lorenzo-Luis, 1999) , thermal (Bensch et al., 1987; Repka et al., 1998) , catalytic (Bensch et al., 1987) , and supramolecular (Hayashi et al., 1998) properties.
Chromate(VI) and dichromate(VI) complexes have long been recognized as causing genotoxic and mutagenic effects in living cells, leading to development of cancer in humans (Cies Âlak-Golonka, 1995) . Considering the redox pathways of the carcinogenic Cr VI anion and the interaction of its metabolites Cr V , Cr IV and Cr III with DNA (Stearns & Wetterhahn, 1997; Lay & Levina, 1998; Codd & Lay, 1999) , the lowering of its mutagenic activity has been explained by the mode of the chromate ion binding to the metal±organic ligand core. Metal chromate(VI) complexes with 1,10-phenanthroline or 2,2 Hbipyridyl, tested by the standard Ames test, exhibited markedly lower activity than the reference compounds potassium dichromate and potassium chromate (Szyba et al., 1992) .
As the observed carcinogenicity of Cr VI depends on the ability of its oxoanions to cross the cell membrane by the anion-transport system, the symmetry of the forming Cr VI species may in¯uence the effectiveness of this membrane crossing. The coordination chemistry of compounds with chromium(VI) anions (chromates, dichromates, polychromates, etc.) as ligands has been reviewed recently (Gili & Lorenzo-Luis, 1999) . In the nickel(II) chromate complexes with 2,2 H -bipyridine (bpy), viz. Ni(CrO 4 )(bpy) x , where x = 2 or 3, the mode of coordination of the chromate ion (non-or onecoordinating anion) was found to be dependent on the Ni:bpy ratio (Bronowska et al., 2000) .
We were trying to obtain a complex in which the chromate ions would be coordinated to the Zn metal, similar to the case in [Mn 2 (Cr 2 O 7 ) 2 (bpy) 4 ] (Dave & Czernuszewicz, 1994) . Instead of the dichromate bonded to the Zn II ion, an ionic structure, (I), built up of [Zn(phen) 3 ] 2+ cations, Cr 2 O 7 2À anions and water molecules, was obtained.
A perspective view of the [Zn(phen) 3 ] 2+ cation, with the atomic labelling scheme, is presented in Fig. 1 Fig. 2 . The cations are connected to anions by weak CÐHÁ Á ÁO hydrogen bonds, with shortest HÁ Á ÁO distances of ca 2.27±2.33 A Ê . The Zn II ion is in a distorted octahedral environment, coordinated with six N atoms from three phenanthroline molecules. The ZnÐN bond lengths are in the range 2.115 (4)±2.215 (4) A Ê . The NÐZnÐN angles involving the same phenanthroline molecule are in the range 75.7 (1)±78.2 (1) , and are signi®cantly smaller than the octahedral value of 90 . The NÐZnÐ N angles cis to each other, comprising N atoms from different phenanthroline molecules, are in the range 90.1 (1)±104.1 (1) , whereas those trans to each other are in the range 164.5 (1)± 170.7 (1) .
There is one Cr 2 O 7 2À anion in the asymmetric unit. It is almost in a staggered conformation, in contrast to the situation found in K 2 Cr 2 O 7 . In potassium dichromate, two CrO 4 2À tetrahedra are in a nearly eclipsed conformation (Lo È fgren, 1971), when viewed along the line joining the Cr atoms. The OÐCrÐO bond angles in (I) are between 106.9 (2) and 112.2 (2) , close to the tetrahedral value of 109.5 . The CrÐ OÐCr bridging angle is 130.4 (2) . The OÐCrÐOÐCr torsion angles are close to ca 24 . The CrÐO terminal bond lengths are in the range 1.592 (4)±1.609 (3) A Ê and the bridging CrÐO bonds are longer and in the range 1.758 (4)± 1.791 (3) A Ê .
There are four crystallographically independent water molecules in the structure. Two are ordered and the remaining two are disordered, each over two sites. We re®ned the occupancy factors of the disordered molecules. They converged close to 0.5 and were subsequently ®xed at that value. The O atoms of the water molecules are separated by 2.96±3.05 A Ê and are connected to each other and to dichromate anions by OÐHÁ Á ÁO hydrogen bonds, forming chains parallel to the a axis, separating the [Zn(phen) 3 ] 2+ cations.
Experimental
The title complex was synthesized by adding stoichiometric amounts of 1,10-phenanthroline in acetone (0.75 M) to K 2 CrO 4 in water (0.25 M), followed by the addition of ZnSO 4 (0.25 M). The yellow± orange reaction mixture was allowed to stand for a few days at room temperature. The precipitated orange microcrystals were of X-ray quality and were ®ltered off, washed with water and acetone, and dried.
Crystal data [Zn(C 12 metal-organic papers Figure 1 The molecular structure of the complex cation of (I), showing the atomic labelling scheme. Displacement ellipsoids are at the 50% probability level.
Figure 2
Packing diagram of tris(1,10-phenanthroline)zinc(II) dichromate tetrahydrate.
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Re®nement
Re®nement on F 2 R[F 2 > 2'(F 2 )] = 0.047 wR(F 2 ) = 0.177 S = 1.05 7062 re¯ections 523 parameters H-atom parameters constrained Hydrogen-bonding geometry (A Ê , ). 
Data collection: KM-4 Software (Kuma, 1998) ; cell re®nement: KM-4 Software; data reduction: KM-4 Software; program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: SHELXTL (Sheldrick, 1990) ; software used to prepare material for publication: SHELXL97.
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Metal complexes containing the chromate(VI) or dichromate(VI) anion, CrO 4 2or Cr 2 O 7 2-, as a ligand are attracting current attention due to their spectroscopic (Cieślak-Golonka et al., 1988 , 1991 , structural (Dave & Czeruszewicz, 1994) , magnetic (Gili & Lorenzo-Luis, 1999) , thermal (Bensch et al., 1987; Repka et al., 1998) , catalytic (Bensch et al., 1987) , and supramolecular (Hayashi et al., 1998) properties.
Chromate(VI) and dichromate(VI) complexes have been long recognized to cause genotoxic and mutagenic effects in living cells, leading to development of cancer in humans (Cieślak-Golonka, 1995) . Considering the redox pathways of the carcinogenic Cr VI anion and the interaction of its metabolites Cr V , Cr IV and Cr III with DNA (Stearns & Wetterhahn, 1997; Lay & Levina, 1998; Codd & Lay, 1999) , the lowering of its mutagenic activity was explained by the mode of the chromate ion binding to the metal-organic ligand core. Metal chromate(VI) complexes with 1,10-phenanthroline or 2,2′bipyridyl tested by the standard Ames test exhibited markedly lower activity than the reference compounds potassium dichromate and potassium chromate (Szyba et al., 1992) .
Because the observed carcinogenecity of Cr VI depends on the ability of its oxoanions to cross the cell membrane by the anion-transport system, the symmetry of the forming Cr VI species may influence the effectivity of the membrane crossing.
The coordination chemistry of compounds with chromium(VI) anions (chromates, dichromates, polychromates, etc.) as ligands has been reviewed recently (Gili & Lorenzo-Luis, 1999) . In the nickel(II) chromate complexes with 2,2′-bipyridine (bpy), viz. Ni(CrO 4 )(bpy) x , where x = 2 or 3, the mode of coordination of the chromate ion (non-or onecoordinating anion) was found to be dependent on the Ni:bpy ratio (Bronowska et al., 2000) .
We were trying to obtain a complex in which the chromate ions would be coordinated to the Zn metal, similar to in case of [Mn 2 (Cr 2 O 7 ) 2 (bpy) 4 ] (Dave & Czeruszewicz, 1994) . Instead of the dichromate bonded to the Zn II ion, an ionic structure, (I), built up of [Zn(phen) 3 ] 2+ cations, Cr 2 O 7 2anions and water molecules was obtained.
The perspective view of the [Zn(phen) 3 ] 2+ cation with the atomic labelling scheme is presented in Fig. 1 There are four crystallographically independent water molecules in the structure. Two are ordered and the remaining two are disordered over two sites each. We refined the occupancy factors of the disordered molecules. They converged close to 0.5 and were subsequently fixed at that value. The O atoms of the water molecules are separated by 2.96-3.05 Å and are connected to each other and to dichromate anions by O-H···O hydrogen bonds, forming chains parallel to the a direction, separating the [Zn(phen) 3 ] 2+ cations.
S2. Experimental
The title complex was synthesized by adding stoichiometric amounts of 1,10-phenanthroline in acetone (0.75 M) to K 2 CrO 4 in water (0.25 M), followed by the addition of ZnSO 4 (0.25 M). The yellow-orange reaction mixture was allowed to stand for a few days at room temperature. The precipitated orange microcrystals were of X-ray quality and were filtered off, washed with water and acetone, and dried.
Figure 1
The molecular structure of the complex cation of (I) showing the atomic labeling scheme. Displacement ellipsoids are at the 50% probability level. supporting information sup-3 Acta Cryst. (2002) . E58, m200-m202
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Crystal data
[Zn (C 12 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Symmetry codes: (i) −x+1/2, −y+1/2, −z; (ii) x, −y, z+1/2; (iii) −x+1/2, y+1/2, −z−1/2; (iv) x, y, z+1; (v) x−1/2, −y+1/2, z+1/2.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
